An electron microscope study of two strains of human adenovirus type 2 revealed the production of intranuclear paracrystalline formations by one of the strains. The crystals were composed of cylindrical tubules 25.0 nm in diameter arranged in a crystalline lattice with a periodicity of 75.0 nm. They appeared at 36 hr postinfection in nuclei which contained viral particles. Prolonged treatment with proteolytic enzyme only partially digested the crystals. The relationship of these crystals to similar nonviral crystals found in association with other virus infected-cells was discussed.
Electron microscope observations on adenovirus-infected cells with nonviral paracrystalline formations have been described previously in association with adenovirus type 5 (Ad 5) by Morgan et al. (7, 8) and Neubert (9) , with Ad 12 by Martinez-Palomo et al. (4) , and with canine hepatitis virus by Givan et al. (2) . In addition, studies of the chemical nature (8) and immunological relationship to the infective virus have also been reported (1) . Electron microscope studies of Ad 2-infected cells revealed the presence of similar paracrystalline formations in one of two strains of the virus examined. This report comprises an attempt to describe the fine structure of the crystals and to determine the composition by means of enzymatic extraction. MATERIALS in 10% periodic acid, rinsed, and digested with 0.1% pepsin (Nutritional Biochemicals Corp., Cleveland, Ohio) in 0.1 N hydrochloric acid at 37 C for 1 to 3 hr.
Electron microscopy. The monolayers of cells were prefixed for 20 min in 3.5% glutaraldehyde in phosphate buffer, then pelleted, and postfixed for 1 hr with 2% osmium tetroxide in Veronal buffer. After dehydration in ethyl alcohol, the cells were embedded in Epon 812 and sectioned on a Reichert ultramicrotome equipped with glass knives. The sections were stained in uranyl acetate and lead citrate and examined in a Zeiss EMU 9A or a Phillips 300 electron microscope.
RESULTS
Thin sections showed intranuclear virus particles and the three types of viral inclusion bodies (4, 5) Apart from the crystalline formations, the morphology of the infected nuclei ( Fig. 1 and 2 ) are indistinguishable. The three types of inclusion bodies are produced by both strains of Ad 2 and correspond in appearance to those described by Martinez-Palomo and his co-workers for Ad 12 (4, 5) .
Although the crystals appear in various shapes and sizes, the cross-sectional view is frequently hexagonal. Depending on the plane of section, the appearance of the fine structure of the crystal varies. It is composed of cylindrical tubules arranged in parallel with a periodicity of about 75.0 nm when viewed in cross section (Fig. 3) . The individual tubules measure about 25.0 nm in diameter. In longitudinal (Fig. 4 ) and diagonal sections (Fig. 5) , the tubular structure is also evidenced by the parallel sets of lines. Viral particles were never observed in the crystals.
After treatment of the sections with pepsin for 1 hr, extensive alterations in morphology were observed ( Fig. 6 and 7) . The viral coat protein was almost always extracted leaving the cores clearly visible. The area surrounding the crystal was invariably more extracted than elsewhere. Neither the cross section nor the longitudinal section of the crystal, however, appeared to be altered to any degree by the enzyme.
When sections were treated with pepsin for 3 hr, both the viral coat protein and the core were extracted (Fig. 8) . All cytoplasmic structures were digested, including the ribosomes. Although the tubular structures of the crystals were completely digested, the intertubular matrix of the crystals resisted the action of the enzyme.
DISCUSSION
Previous studies of adenovirus have demonstrated the presence of paracrystalline formations in cells infected with Ad 5 (7, 8, 9) and Ad 12 (4) . This study reports the finding of a human Ad 2 strain which is associated with a paracrystalline body morphologically similar to that found in association with Ad 5. An attempt was also made to ascertain the fine structure and the chemical nature of the paracrystalline formations.
The strain-dependent formation of the nonviral crystals has also been observed by Morgan et al. (7, 8) who found them associated with two strains of Ad 5 out of five strains examined. Furthermore, the formation of the crystals was found to be a property related to the strain of Ad 5 rather than to the host cell line (1). These investigators also showed that the crystals did not stain with fluorescein-labeled antibody to viral antigens, suggesting the nonviral origin of the crystals.
The crystals observed in Ad 12-infected cells are not only morphologically different but occur much less frequently and are comparatively small in size (4) .
According to a recent report, canine hepatitis virus, which belongs to the adenovirus group, also produces paracrystalline formations (2) . Although the fine structure of the subunits was not made evident, the spacing of the crystalline lattice was reported as 70.0 nm, which agrees well with these observations. The hexagonal geometry of the cross section of the crystals is likely a consequence of the particular arrangement of the tubular subunits.
By using histochemical techniques (8) and enzyme digestion of thin sections (1, 4) 
